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(54) Fluid bearing apparatus 

(57) A fluid bearing ajDparatus wherein a clearance 
between a surface of a thrust bearing (50) supporting 
thrust load and a periphery of a rotary shaft (30) car! be ■ 
adjusted by making the thrust bearing (50) rnovable with 
respect to an end portion 61 the rotary shaft, preferably 
by.mearis of a thrust bearing support (55) having a 
. threaded through hole (45) for receiving a correspond- 
ing threaded thrust bearing (50). This results in an en- 
hanced efficiency and a stable rotation of the rotary shaft 
at a high velocity. 
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D scription ; 

The present invention relates to a fluid bearing ap-' 
paratus and, in the preferred ennbodiment, to a fluid 
bearing apparatus such as nnay be employed in a laser 
printer or other device. 

Figure 1 is a sectional view of a prior art fluid bearing 
apparatus. 

As-shown in the drawing, a thrust bearing 50 is in- 
stalled at an end of a through hole 25 in a sleeve. 20: A' 
rotary /shaft 30 Is inserted into the" sleeve 20. A lower 
end portion of the .shaift 30 faces the thrust bearing 50 
which supports a vertical thrust load of the shaft 30. A 
first dynamic, pressure generating groove 50a iis formed 
on the upper surface of .the thrust bearing 50. The sleeve 
20 is fastened \o the thrust bearing 50 with a clamp, 
screw or the like. 1n the sleeve 20, an air vent 20a is 

. formed toventilate air betweenthe thrust bearing-50 and 
the shaft 30: Furthermore, a second dynamic pressure 
generating groove 30a havmg a herringbone shape is 
formed on the outer surface of the shaft 30 inserted into 
the through hole 25, or the Jnher peripheral surface of. 
the. sleeve 20. 

When the shaft .30 Is revolved, a clearance is cre- 
ated between the thrust bearing 50 and the lower ertd 
portion of the rotary shaft 30. When the clearance is 
wide, the shiaft 30 may vibrate.and oscillate. On the other 
hand, when the clearance is narrow, a high pressure and 
heat are generated between the lower end portion of the 
shaft 30. and the thrust bearing 50. Heat, causes the 
thrust bearing 50 and the shaft 30 to fuse with each oth- 
er. As a' result, the revolution of the shaft 30 may be 
stopped. For this reason, the clearance between the 
/lower end portion of the shaft 30 and the thrust bearing 
50 is a critical factor of high accuracy and high speed 
revolution of the fluid bearing.apparatus. 

In the conventional fluid bearing apparatus, the 
clearance is extrernely narrow in the range of several to 
several dozens Jim. Accordingly, an actual clearance 
during the operation of the bearing apparatus may be 
different from originally designed clearance between the 

. surface of the thrust bearing 50 and the lower end por- 
tion of the shaft 30 due to a variation in the length of the 
shaft 30 or In the depth of the dynamic pressure gener- 
ating groove. I ri addition, friction and abrasion of the 
thrust bearing and the shaft in repeatedly using the bear- 
• ing apparatus cause the clearance between the bearing 
and the shaft to be wider than the originally designed 
. clearance. Therefore, there is nieeded ah adjustment of 
the clearance between the thrust bearing and the shaft 
for using the bearing ajDparatus. ^ 

However, there is a disadvantage that after the. 
thrust bearing and the shaft are assernbled, it is impos- 
sible to adjust the clearance betweer;) the thrust bearirig 
and the shaft in the fluid bearing apparatus according to 
the embodiment of the conventional art. 

An aim of at least preferred embodiments of the 
present invention is to overcome the above described 



problem of the conventional art where a clearance be- 
tween a shaft and a thrust bearing is not adjustable. 

According to the present invention there is provided 
a fluid bearing apparatus comprising: a sleeve couple- 
able to a bearing bracket, said sleeve having a through 
hole for receiving a rotary shaft; and a thrust befaring 
locatable In use at a position opposed to an end portion 
of said rotary shaft; characterised by: a thrust bearing 
moving unit for moving said thrust bearing with respect 
to' the end portion of the rotary shaft. • . 

Preferably, the thrust bearing rhovlrig unit includes 
a thrust bearing support coupled to the jDearing bracket; 
and the thrust bearing movably Inserted into the thrust 
bearing support. More preferably,, the thrust, bearirig 
support Includes a iscrew hole formed therein, and the 
thrust bearing includes a screw thread on periphery, 
thereof, the spiral surface of the thrust bearing engaged 
with a corresporiding. screw thread on the inner circurn- 
ference of the screw hole. Preferably, the thrust bearing 
includes a screw slot forrr»ed on a side thereof for rotat- . 
Ing and moving the thrust bearing. Selectively, the thrust ' 
bearing includes a knob formed on the side thereof for 
rotating arid aioving the thrust bearing:* 

Pref erably, the thrust bearing includes a surface op- 
posed to the rotary shaft and having a hemispherical 
shape. 

Preferably, the fluid bearing apparatus comprises: 
said sjeeve installed at a side of a beanng bracket; a 
rotary shaft inserted into said through hole formed in the 
sleeve, and having a second dynamic pressure gener- 
ating groove, formed on an outer surface of the rotary 
shaft facing an Inner peripheral surface of the through 
hole; said thrust bearing installed at a position opposed, 
.to an end portion of the rotary shaft, and having a first 
dynamic pressure generating groove on a surface of the 
thrust bearing opposed.to.an end portion of the rotary 
shaft. V- \ 

Furthermore, the fluid bearing apparatus preferably 
' includes: an upper and a lower sleeves respectively in- 
stalled at an end of ah upper and a lower bearing bracks 
ets; a rotary shaft inserted into an upper and- a lower 
through holes respectively formed in the upper and the 
bwer sleeves, and having a second dynamic pressure 
generating groove on an outer surface of the rotary shaft 
facing the inner penphery of.the through holes; and ap. 
upper and a lower thrust bearings installed at positions 
respectively opposed.to end portions of.the rotary shaft, 
and each having a first dynamic, pressure generatinjg. 
groove on the surfaces of the upper and the lower thrUst 
bearings opposed to the end portions of the rotary shaft; 
. and a thrust bearing support installed at the other side 
of one of the beanng brackets, any of the upper and the 
.iower thrust bearings movably inserted into the thrust 
bearing support. 
ss . Preferably the thrust bearing support is installed at 
the other side pUhe other of .the bearing brackets; and 
one of the thrust bearings is movably inserted into the 
thrust bearing support. 
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For a better understanding. of the invention, and to 
show how embodiments ot.the same may be carried. into . 
effect, reference will now be made, by way of example., 
to the accompanying diagrammatic drawings, in which: 

pFgure 1 isasectiohal view of a prior art thrust bear- 
ing; 

• Figure 2 is a sectional view of a thrust bearing ac- 
cording to an embodirrient of the present inventiori, 
which is applied to a polygonal rnirror driving appa- 

: ratus of a laser . printer; and . 

Figure 3 Is a sectional view of a thrust bearing ac- 
cordirig to another embodiment of the present in- 
yerition. ' • 

•• A fluid bearirig-apparatus. according to a preferred 
embodiment of the present invention will be described 
in detail with reference to Figure 2 and 3 of the accom- 
panying drawings. 

Rieferring to Figure 2, an upper and a lower sleeve 
20 and 20* are each inserted into one end of. an upper 
ar)d a lower bearing bracket 10 and 10' respectively, and 
are fastened to the brackets 10 and 10' by means of 
clamp screws!. An upper thrust bearing 40 is inserted 
into the other end of the upper bearing bracket iO, and 
is fastened to the upper sleeve. 20 by nneans of a claimp 
screw. A lower thrust bearing 50 and a thrust bearing 
support 55 are inserted into the other end. of the lower 
bearing bracket 10', and are fastened .to the lower , 
sleeve 20' by means of a clamp screw. 

. Upper and lower through holes 25 and 25' are re- 
spectively formed in the upper and the lower sleeves 20 
"and 20'. A rotary shaft 30 is inserted into the .through 
. holes 25 and 25'. The upper and the . lower sleeves 20 
, and 20' respectively hava ^ir vents 20a and 20b fo r ex- 
hausting air between the ishaft 30 and the upper thrust 
bearing 40 and between the shaft 30 and the lower 
.thrust bearing 50, or. for preventing any change in the 
air pressure in association with a vdlunie. expansion of 
.the: above components due to a charige .In the temper- 
ature." 

On a peripheral surface of the shaft 30 inserted into 
the through holes 25 and 25' in the upper and the lower 
sleeves 20 and 20', or on an inner periphery of the 
sleeves 20 and 20' facing the peripheral surface of the 
shaft 30, a second dynarriic pressure generating groove 
36a haying a herringbone shape is formed. Preferably, 
the angle between the second dynannic pressure gen- 
erating groove 30a and a line which is horizontal with 
respect to the bearing brackets 10 and 10* and crosses 
angled points of the second dynamic pressure generat- 
ing groove 30a is.approximately thirty degree, and the 
. depth of the groove is several pm. 

A first dynamic pressure groove 40a having a spiral 
groove is formed on the surface of the upper thrust bear- 
ing 40 facing an upper end portion of the shaft 30. Pref- 



erably, the spiral shajDed groove has a depth of several 
^jtm by an etching process. 

The embodiment shown in Figure 2 may be used in 
a variety of applications, including, tor exartiple, -a laser . 
5 . printer. In this example, a polygonal mirror 80 for reflect- 
ing a. laser beam to a light-sensitive drum {not shown) 
of a lasgr printer and a. hub 70 are fixed to the center, 
portion of the shaft. 30. A plate 60 (partially shown) is 
jointed to the . hub 70 so that the shaft 30- revolves to- 
10 gether with the plate 60 when the plate 60 is rotated: 
. A screw hole 45 having a predetermined diameter 
is formed at the center of the thrust bearirig support. 55. 
Preferably, the diameteir of the screw hole 45 corre- 
sponds to the diarneter of the through hole 25' of the 
sleeyes 20'. The lower thrust bearing 50 has a diameter 
' corresponding to the diameter.of the screw hole 45, and 
includes a spiral surface which is engaged with the inner , 
peripheral surface bf the screw hole 45: A first dynamic . 
pressure generating groove .50a having a spiral groove 
20 is formed.on the surface of "the lower thrust bearing 50- 
facing a lower end portion of the shaft .30. Preferably, a 
screw hole 52 is formed at the bottom of the lower thrust 
bearing 50. « 
The operation of the fluid bearing apparatus accord- 
25 jng to the embodiment of the present Invention applied • 
to a polygon mirror driving scar)ner motor of a laser print- 
er will be described hereinafter. * 

First, the upper.sleeve 20 is inserted into and fixed 
to a side of the upper bearing bracket 10, and the upper 
30 thrust bearing 40 is inserted into, and fixed to the other 
side of the upper bearing bracket 10. The lower sleeve 
20' is inserted into and fixed to a side. of the lower bear- 
ing bracket 1 0', and the lovyer thrust bearing support 55 
is Inserted into and fixed to the other side of the lower 
35 bearing bracket 10'. Thereafter, tine lower thrust bearing 
50 is insisrted into the screw hole 45 of the lower thrust 
. bearing support 5i5 and it is engaged with the lower 
■ thrust bearing support 55. 

The rotary shaft 30 is then inserted into the sleeves . 
40 20 and 20'. fixed to the upper and the lower brackets 1 0 
and 10'. The hub 70 to which the polygorial rtiirror 80' 
and the plate 60 are; jointed, is fixed to the shaft 30 in 
. advance. The scanner motor is completed by incorpo- 
rating the upper and the lower brackets 10 and 10' with 
~ 45 each other: . 

If power, is supplied to the scanner rnotor, the plate 
60 is rotated. The shaft 30 is then revolved together with 
the polygonal mirror 80 fix^d to the shaft 30 when the 
plate 60 Is rotated. A fluid introduced into the first dy- 
50 namic pressure generating grooves 40a and 50a formed 
on the surfaces of the upper and the lower thrust bear- 
* . ir^gs 40 and 50 facing the upper and the lower end por- 
tions, of the shaft 30 flows from the edge portions into 
the center portions of the grooves 40a and 50a. As a 
55 result, a predetermined fluid pressure is generated and 
the shaft 30 is revolved without contacting with the upper 
and the lower thrust bearings 40 and 50. 

In the event that the clearance between the lower 
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thrust bearing 50 and the shaft 30 is. not sufficient or is 
excessive, the shaft 30 is not capable of revolvirig at a 
high velocity. This results in movement and vertical os- ■ 
cillation of th^ shaft 30. 

According to the embodiment of Figure 2, when the 
mpverhent and vertical oscillation of the- shaft 30 occur, 

. the clearance between the lower thrust bearing 50 and • 
the lower end portion of the shaft 30 can bp adjusted by 
rotating the lower thrust bearing 50 using the screw hole 
52 formed at the bottom iof the lower thrust bearing 50. 
For example, if the screw hole 52 is revolved in the 

' clockwise direction, the lower thrust bearing 50 is moved 
up. As a result, the clearance is reduced. If the screw 
hole 52 is revolved in the counter-clockwise direction, 
the lower thrust bearing 50 is moved down. As a result, . 
the clearance is enlarged. Iri this manner, the clearance 
can.be suitably adjusted according to the revolution 
state of the shaft 30 so that the ishaft can be revolved at 
a high velocity or.at a constant velocity. 

Figure 3 is a sectional view of another fluid bearing 
apparatus according to another embodiment of the 

• present invention. Fpr. description purposes, elements 
having basically the same function as previously' de-. 
scribed elements are identified using similar reference 
•numbers in the drawing, and description thereof is omit- 
ted below. 

• In this embodiment, a lower thrust bearing 50' has 
■ a diameter. corresponding to the diameter of a screw 
hole 45 and includes a spiral surface formed on periph-- 
ery.thereof. The spiral surface of the lower thrust bearing 
50' Is engaged with the spiral surface formed. on thie in- 
ner periphery of the screw hole 45, The surface of the 
. lower thrust bearing 50' facing the lower end portion of 
the shaft 30 has a henaispherical shape. Accordingly, the 
lower thrust bearing 50' make? a point-contact with the 
tend portion of the shaft 30. A first dynamic pressure gen- 
erating groove 50a haying a spiral surface having a pre-, 
determined area is formed on its surface facingthe shaft 
30. Preferably, a screw hole 52 is formed at the bottom 
of the lower thrust bearing 50'. 

According to this: second embodiment, since the 

• lower end portion of the shaft 30 point- contacts with the 
lower thrust bearing 50' even when the shaft 30 is at a 
standstill, friction can be minimized. . 

In the event that the shaft 30 is. vibrated or oscillat- 
ed, the clearance between the lower thrust bearing 50' 
and. the shaft 30 can.be adjusted in the same manner 
described with the first embodiment without any degra- 
dation of the efficiency. 

: As aforementioned, the clearance, between the 
. shaft and the thrust bearing which supports the thrust 
■load can be adjustedby making the lower thrust bearing 
longitudinally , or axially movable with respect to the 
shaft. For example, the thrust bearing may be jointed to. 
the thrust bearing support by means of a screw, but.oth- 
er arrangements will be apparent to the skiljed person. 
The result is an enhanced efficiency of the fluid bearing 
ajsparatus capable of revolving the shaft at a stable high 



. velocity. 

This. invention has been described above with ref- 
erence to the preferred embodiments. It is evident, hbw- 
ever, that many alternative, modification and variations 

■s will be apparent to those skilled in the art. in light of the • 
foregoing description. In other words, the present inven- 
tion is hot restricted to the above embodiments of the 
lower thrust bearing, and it is clearly understood that it 
can be applied to the upper thrust bearing. The present 

io invention may further include a knob attached to the- 
screw hole formed at the bottom of the thrust bearing., 
for facilitation. 

The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous 

IS to" this spepification in connection with this application 

• and which are open to. public, inspection with this spec- 

• ification, iand the contents of all such papers and docu- 
. ments are incorporated herein by reference. 

All of the features disclosed in this specification (in- 

20 eluding any accompanying claims, abstract and draw- 
ings), and/or all of the steps of any method or process 
so disclosed, may be combined in any. combination, ex- 
cept combinations where at feast some of such features 
and/or steps are mutually exclusive. 

25 Each feature disclosed in this specification (includ-. 
ing any accompanying claims, abstract and drawings), 
may. be replaced by alternative features, serving the 
same, equivalent or similar purpose, unless expressly 
stated otherwise, thus, unless expressly stated other- 

30 ' wise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 

the invention Is not restricted to the details of the 
foregoing embodiment (s). The invention extends to any 
novel one, or any novel.combihation, of the features dis- 

35 .closed in this specification (including any accompanying 
clairtjs,' abstract and drawirigs), or to any novel one, pr 
any novel combination, of the steps of any nnethod or 
process so disclosed. • 
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Claims 

i. ■ A fluid bearing apparatus comprising: 

a sleeve (20) coupleable to a bearing bracket 
(10), said sleeve having a through hole (25) for 
receiving a rotary shaft;, and 

■ a thrust bearing (50) locatable in use at a posi- 
tion opppsed to an end portion of said rotary 

shaft; • . ■ • ' 

characterised by: 

a thrust'bearing rnoving unit (50, 55) for moving 
said thrust bearing (50) with respect to the end 
portion of the rotary shaft. 
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2. The fluid bearing apparatus of claim '1, wherein said • 
thrust bearing nnoving unit .(50, 55) comprises: 

a thrust bearing support (55) coupleable to the . 
bearing bracket (10), and s 

•said thrust bearing.(50) being mdvably inserted 
into said thrust bearing support (55). 

3. The fluid bearing apparatus of fclalrri 2, wherein said 70 . 
• . thrust bearing support (55) includes a screw thread 

(45) formed therein, and said thrust bearing (50) in- 
. eludes a co-operating screw thread, formed on a. 
side thereof. ' . 

'■- ■ ■ .■ ■■ : 75 

4. The fluid bearing apparatus of Claim 3, wherein said 

" thrust bearing (50) includes a screw slot (52) or a. . 
knob formed on a lower surface thereof for rotating 
and moving said thrust bearing (50). 

. • ' ■ - . . . . ' .20 

5. . The fluid bearing apparatus as claimed in any of 
. clainis 1 to 4, wherein a surface of said thrust bear- 
• ing (50') opposed to an end portion of the rotary 

shaft has a hemispherical shap^. . .. . .. 

*■ . , is 

6. . A fluid bearing apparatus as claimed • in any of 
. . claims 1 to 5, wherein 

•. said sleeve (20) is installed at a side of a bear- 
ing bracket (10): 30 

a rotary shaft (30) is inserted into said through .. . 
. hole (25) formed in said sleeve (20), said rotary 
shaft (30) having a second dynamic pressure 
• . . generating groove ^30a) formed, on an outer 5^ 
surface thereof facing an inner surface of the 
through hole (25); and 

; said thrust bearing (50) is installed at a position 
opposed to an end portion of said rotary shaft 40 
(30) and has. a first dynamic pressure generat- 
ing groove (50a) on a surface thereof ppposed 
I to'an end portion of the rotary shaft. ' 

.7. A fluid bearing apjDaratus as claimed in any of . 
claims 1 to 5, comprising: 

.a first sleeve (25) and a second sleeve (25'), 
said first sleeve installed at a side of a first bear- 

. ing bracket (10) and said second sleeve (25'). 
installed at a side of a second bearing bracket 
(id') opposed to said first beairing bracket; 

a rotary shaft (30) respectively inserted into first 
. and second through holes (25, 25*) which are 55 
respectively formed in said first and^said sec- 
ond sleeves and having a second dynamic 
pressure generating groove (30a) on*ari outer. 



surface thereof facing the inner surface of each 
said through holes; ; 

a first and a second thrust bearing (40, 50) re- 
spectively installed at a position opposed to 
end portions of said rotary shaft, and respec- 
tively having a first dynamic pressure generat- 
ing groove. (.40a, 50a) on a surface thereof bp- 
posed to the end portions of said rotary shaft; 
arid 

a thrust bearing support (55) installed at an op- 
posing side of one of said bearing brackets, 
said first and/or isaid second thrust bearings 
(50) being niovably inserted into said thrust 
bearing support (55). 
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(Prior Art) 




6 




7 



EP 0 844 408 A2 

FIG. 3 ; 




8 



